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The Phylogenetic Significance of Vocal Sac Structure 

in Hylic 1 Frogs 


BY 

MICHAEL J. TYLER 
Introduction 

Frogs of several families ]ia\e independently evoKed basically 
similar structures to equip them for arboreal life. Expanded, termi¬ 
nal, digital discs occur in all tree frogs, and it is evident that there 
has been considerable convergence of evolution of such adapti\^c 
features. The employment of onlv external morphological features 
to characterize most genera within the H\ lidae has resulted in an 
indeterminate number of constituent genera with obscure phyloge¬ 
netic relationships. 

The genus Hijla contains the largest number of species; estimates 
range as high as 350 (Smith and Taylor, 1948). The genus has 
become a repository for species that b}' reason of their apparent 
lack of morphological or biological specializations cannot readily 
be referred to other genera. Tl)us, at this time, any attempt to re¬ 
construct an evolutional^’ tree of hvlids would reveal Hijla to be an 
abnonual branch urgently in need of pruning. 

Although the geographic distribution of Ilijia is disjunct, Pope 
(1931) and Duellman (1967) have demonstrated the existence of 
marked external morphological and karyotypic similarities among 
some of the Nearctie, Oriental and Palaearetic species. The Au¬ 
stralian species, in contrast, exhibit extreme morphological di\’er- 
genee, and the majority do not fundamentally resemble species from 
other geographic regions. In fact, when the Australian species are 
identified b\’ means of the kev to Inlid genera prepared bv Coin 
(1961), they kc}’ out x^ariously to Acris, Aplastodisciis, Pseiidacrls 
and llijla. Martin and Watson (in manuscript) observed similar 
divergence in larval morphology. In tlie absiaiee of detailed com¬ 
parisons of internal anatomy between adequate numbers of Austra¬ 
lian species of Hyla and those occurring in other geographic regions, 
it would appear that the generic disposition of the Australian sp('cies 
is assumed rather than demonstrated. 

The specificity of mating calls in Ifijlo and their effectiveness as 
pre-mating isolating mechanisms are well established. IIowe\’er, 
interspecific \ ariation in form, position and size of the inflatc'd \’oeal 
sae has not recei\’ed comparable attention. Therefore, I undertook 
a detailed comparison of the seas, particularh of the superficial 
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ventral inanclibular muscles that form the outer walls of the vocal 
sac. Because superficial mandibular muscles rarely have been used 
as taxonomic criteria, it became necessary to survey these structures 
in other anuran genera. This permitted an evaluation of their pliylo- 
genetic significance in the Ilylidae and a reasonable interpretation 
of the taxonomic significance of the ol)served variation within the 
genus Ilijla. 

Materials, Methods and Terminology 

The adults and larvae of the hylid genera, species and subspecies 
examined are listed in the appendix. Dissections were performed 
with the aid of a low-pow er binocular microscope, and serial sec¬ 
tions were emplo) ed in order to clarify the insertions and orientation 
of muscle fibers in some small species. 

There is a lack of uniformitv in the nomenclature of the super¬ 
ficial muscles; I have adopted the nomenclature of Kesteven (1944). 
The names and principal SMionvins are: Musculus submentalis = 
M. intermandibularis anterior of Trewavas (1933); Musculus inter- 
inandi]:>ularis = M. intermandibularis posterior of Trewavas (1933) 
and M. submaxillaris of Beddard (1908) and Duellman (1956, et 
seq.); Musculus interln oideus = M. subhyoideus of Beddard (1908) 
and Inger and Greenberg (1956) and M. mvlohyoideiis of Liu 
(1935) and Starrett (1968). 

Pectoral muscle nomenclature is that of Jones (1933), and ad¬ 
ductor jaw musculature that of Starrett (1968). The larval staging 
tables of Gosner (1960) were empkn ed in studies of mandibular 
muscle development. 

The s)stematic arrangement of hvlid genera follows Duellman 
(1970). 

Superficial Mandibular Musculature and Vocal Sac 
Structure in the Anura 

To provide a basis for the following comparative morphological 
data it is necessary first to describe the superficial mandibular 
musculature and vMcal sac structure in anurans. Then problems 
associated with the current practice of categorizing vocal sac struc¬ 
ture will be discussed. 

Ill males and females three separate, superficial, ventral and 
transvcrsel) directed muscles lie between the mandibles (Fig. 1). 
The first, M. submentalis, is an ovoid muscle arising from the lateral, 
lingual surface of the mandible on each side of the mandibular 
s) inph) sis. The muscle fibers either traverse from one mandible to 
the other (Fig. 2a) or meet at a median raphe (Fig. 2b). The sub- 
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F'ig. 1. Intermandihiilar musculature of a generalized hylid frog. Superficial 
muscles remov’ed from right side to show deeper musculature. Abl:)re\iations: 
ant. cornu, anterior cornu of hyoid; epis., epistemum; episJiuni., Musculus 
episternohumeralis; gcnhy. /., M. geniohyoideus lateralis; gcnliij. in., M. genio- 
hyoideus medialis; iniand., principal element of M. intermandihularis; interhy., 
M. interhyoideus; inand.; mandible; suhnicn., M. submentalis; t.s.a., \ocal sac 

aperture. 


mentalis is capable of limited rotation, provides structural support 
to the mandibles, and permits limited independent moN^ement of 
each half of the lower jaw. This muscle is largest in those anurans 
in which the anterior margin of the lower jaw^ is truncate; it is 
smallest in those anurans in wdiich the anterior margin is acuminate 
or in species in w hich the mandibles have a bom reinforcement at 
the s\ mplw'sis. 

The second, M. intermandibularis, is a thin, flat sheet of muscle 
wdiich arises from the lateral, lingual surface of the mandible. The 
site of origin usuallv extends along the mandible from the submen¬ 
talis anteriorlv to the jaw^ articulation posteriorh. \^arious rela¬ 
tionships of the intermandibularis to the M. geniohyoideus need 
mention here. The M. soniohN oideus usualK^ arises from the linmial 
surface of the mandible. CommonK' its origin lies immediately 
dorsal to the anterolateral portion of the intermandibularis. How ¬ 
ever, the geniohyoideus oeeasionall}' arises from a more \entral 
position; thus, its origin is either partially or totally exposed oc* 
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Fig. 2. Variation of antenor intermandil)iilaris niiisciilatiire in hylic! frogs: (a) 
araphic siil^inentalis; (1)) raphic siihmentalis; (c) intennandibiilaris arrested 
anteriorly; (d) intennandilnilaris overlaps posterior margin of siilimentalis; 
(e) intermandibulaiis attaches on siibmentalis posteromedially; (f) intermandi- 
biilaris attaches on submentalis posterolaterally. 

cup\4ng a portion of tlie mandible and anterior development of tlie 
intennandibularis is arrested ( Fig. 2e). 

The fibers of the two portions of the intennandibularis eitlier 
inc'ct at the midline along a narrow raplie (Fig. 3a) or thev are 
separated b\' a median aponeurosis. The aponeuroses vary in sliape 
(Figs. 3b-d j. 

There is variation in the morphological relationships of the sub¬ 
mentalis and intennandibularis. Frecjucmtb^ the muscles lie adjacent 
to one another (Fig. 2a) or they are partially separated by the 
geniohyoideus laterallv (Fig. 2c). Alternatively the intermandibu- 
laris overlaps the posterior margin of the submentalis (Fig. 2d), 
attaches upon the subincaitalis pnsteromedialh^ ( 
terolaterall)^ ( Fig. 2f). 

One of the most important forms of variation of the morphology 
of mandibular musculature is the differentiation of the intennan¬ 
dibularis to form supplementary elements whicli lie ^’entral to the 
usual sheet of the intennandibularis. Hereafter the larger part of 
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Fig. 3. Medial relationships of intermandibiilar elements: (a) simple raphe; 
(l>d) variation in shape of median aponeuroses. Aponeuroses represented by 

stippled patterns. 


the intermandibiilaris which gi\'es rise to the supplementary' ele¬ 
ments will be referred to as tlie “principal element” of the muscle. 
The supplementary' elements are thin, pinnate muscles of such a 
wide variety' of forms (fide Trewavas, 1933) that it is difficult to 
propose a simple classification of their structures. Those supple¬ 
mentary' elements which occur in the genera currently' referred to 
the Hy lidae X'ary w'idelv in the position of their origin on the 
mandibles; thev are named accordingly as follows (Table 1): 

(1) Apical element—arising from the lingual surface of the man¬ 
dible on each side of the submentalis. The fibers pa.ss postero- 
mediallv and attach upon the median raphe of the principal ele¬ 
ment (Fig. 4a). 
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Table 1.—Occurrence and kind of Differentiation of the M. Intermandibidaris 

in the flylidae. 


Genus 

Geograpliic 

Region 

Dilferentiation 

Present A])sent 

( No. species) (No. species) 

Kind of 
supplementary 
element 

Hijla 

Australian 

49 

0 

apical 

Hyla 

Xea retie 

0 

7 


H yh 

Palaearctic 

0 

1 


Hyh 

Oriental 

0 

2 


H yla 

Neotropical 

3 

78 

apical 

Acris 

Nearctic 

2 

0 

apical 

Agalyclinis 

Neotropical 

2 

0 

posterolateral 

Allophryne 

Neotropical 

1 

0 

anterolateral 

Amphiguathodon 

Neotropical 

0 

1 


Aiwtheca 

Neotropical 

0 

1 


Aparasphenodon 

Neotropical 

0 

1 


Aplastodiscus 

Neotropical 

0 

1 


Argenteohyla 

Neotropical 

0 

1 


Corythomantis 

Neotropical 

0 

1 


Cryptohatrachus 

Neotropical 

0 

1 


FlcctonoUis 

Neotropical 

0 

1 


Fritziana 

Neotropical 

0 

2 


Gastrotheca 

Neotropical 

0 

3 


HemipJi raciiis 

Neotropical 

0 

2 


IJmnaoedus 

Nearctic 

0 

1 


N yeti mantis 

Neotropical 

0 

1 


N yctimystes 

Australian 

9 

0 

apical 

Osteocephahis 

Neotropical 

0 

5 


Pachymedusa 

Neotropical 

1 

0 

posterolateral 

Ph rynoJiyas 

Neotropical 

0 

3 


Phyllodytes 

Neotropical 

0 

1 


Phyllomedusa 

Neotropical 

9 

0 

posterolateral 

Plectwhyla 

Neotmpical 

0 

2 


Psendacris 

Nearctic 

0 

3 


Pternoh yla 

Neotropical 

0 

1 


Ptychohyla 

Neotropical 

0 

2 


Smilisca 

Neotropical 

0 

3 


Sphac nod lynch ns 

Neotropical 

3 

0 

apical 

T rachycephahis 

Neotropical 

0 

2 


Triprion 

Neotropical 

0 

2 



(2) Anterolateral (dement—arising from the lingual surface of the 
mandible on the anterior portion of the bone. The fibers pass an- 
t(Tiorly, parallel to tlie mandible, and attach upon the ventral sur¬ 
face of the submentalis ( Fig. 4b). 

(3) Posterolateral element—arising from the ventral surface of the 
mandible near the site of mandibular articulation. The fibers pass 
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imand. anti 
imand. apic. 




Fig. 4. Supplementary intermandibular elements of the Hylidae: (a) apical 
element; (h) anterolateral element; (c) posterolateral element. Abbreviations: 
imand. anil., anterolateral element of NI. intermandibiilaris; imand. apic., apical 
element of M. intermandibiilaris; imand. posd., posterolateral element of M. 

intermandibularis. 


anteromeclially and attach upon the ventral surfaces of the principal 
element (Fig. 4c). 

The third major superfieial muscle, the interli) oideus, usually 
arises from the anterior cornu of the h\’oid near its termination on 
the skull at the crista parotica. The muscle accompanies the anterior 
cornu along its ventral path to the region of the post-articular 
portion of the mandible. From the articular region, the anterior 
cornu passes anteriorly along the lingual surface of tlie mandible, 
whereas the interhyoideus fibers diverge mediallv and form a trans¬ 
verse sheet (Fig. 1). Anteriorlv this sheet unites with the posterior 
border of the intermandibularis; posteriorly it is connected to the 
M. episternohumeralis bv a broad sheet of collagenous connective 
tissue. 

There is considerable variation in the size and form of the in- 
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Fig. 5. \^ariati()n in de\elopinent of interhyoideiis in the Hylidae: (a) anterior 
development; (b) posterior development; (c) anterior and posterior develop¬ 
ment; (d) slij^ht bilobniar posterior development; (e) posterolateral bilobnlar 
development; (f) ventral liilobiilar de\elopinent. 


terliN oideus. This morphological diversit\ is associated with the 
dcvelf)pmciit of tlic vocal sac apparatus. Within tlic Hylidae, the 
most frequcntl) cncoimtered forms of the interhyoideiis are as fol¬ 
lows: 

(1) Remains in the form of a transvxnse sheet of parallel fibers 

(Fig.l). 

(2) Anterior development accompanied b\' reduction of the pos¬ 
terior e.xtent of the intermandibularis, particularh' medially ( Fig. 
5a). 

(3) Posterior development which results in a single lobe lying 

upon the sternal musculature (Fig. 5b). 

(4) Anterior and posterior development (combination of condi¬ 
tions 3 and 4—Fig. 5e). 

(5) Slight posterolateral bilobnlar development (Fig. 5d). 

(6) Extreme posterolateral bilobnlar development (Fig. 5e). 

(7) Wntral bilobnlar development ( Fig. 5f). 





































\^ocAL Sac Sthuctuhe ix Hylid Fhogs 


329 



Fig. 6. Siipramandibular lobes of interbyoideiis: (a) tiilnilar extension; (1)) 
convoluted pouch. Alibrexiations: interJiy., M. interbyoideiis; sq., squamosal. 


(8) Siipramandibular development involving the development 
of a slender, tubular extension ( Fig. 6a). 

(9) Siipramandibular development involving the development 
of a broad, convoluted, tubular extension (Fig. 6b). 

Anuran vocal sacs are customarily described as being diverticula 
of the lining of the mouth, and communicating with the mouth by 
paired or single, round or slit-like apertures. A \ ocal sac actually 
represents an extrusion of a portion of the lining of the mouth into 
a site directly above the superficial, ventral mandibular muscles. 
The lining of the mouth consists of a dense layer of collagenous 
connective tissue upon which there is a superficial layer of pseudo- 
stratified, columnar epithelium, most of which is ciliated. The 
mouth is complctelv underlain bv muscles except for small areas 
bordered bv the mandible laterally, the geniohyoideus lateralis me- 
diallv. Consequently the lining of the mouth is free to extrude 
ventrally betw'cen these muscles and the ventral, superficial muscle 
block only in these lateral areas. In some species the extrusions, 
which represent the vocal sac, form a single cavit\ into which both 
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Fig. 7. Vocal sac apertures of hylids: (a) slit; (b) gaping hole; (c) small 

orifice. 


vocal apertures open. In other species the extrusions or cavities 
remain separate, each associated with its own aperture, to form two 
discrete vocal sacs. This “unsupported” area between the lining 
of the mouth and the ventral superficial muscles is traversed by the 
anterior cornu of tlie h\ oid which invariably forms the medial mar¬ 
gin of the aperture. The apertures are in the form of slits (Fig. 
7a), gaping holes (Fig. 7b) or small orifices in the floor of the 
mouth (Fig. 7c). 

Tyler (1970) reviewed and illustrated various submandibular 
myo-integumental relationships and the ways in which these may 
influence the evolution of the vocal sac apparatus. Such relation¬ 
ships reported here are 1) the relative development of the post- 
mandibular septum described as short, moderate or deep; 2) The 
presence or absence of post-septal development of the interlw oideus, 
and 3) the presence or absence of direct contact of intennandibular 
muscles with the skin. 

The innervation of the superficial mandibular muscles and of 
the skin adjacent to the muscles is as follows: the submentalis and 
intermandibularis are innervated by the fifth cranial (trigeminal) 
nerve, and the interhyoideus by the seventh cranial (facial) nerve. 

The presence of superior or posterolateral extensions of the 
interhyoideus associated with the vocal sac has been recorded in 
several genera by Liu (1935). Such sacs are usually described as 
being paired, “lateral,” or “posterolateral” in contrast to the more 
common single, median, “subgular” structure. The other major 
classification of vocal sacs involves the distinction of their being 
“internal” or “external.” Noble (1931) defined these latter cate¬ 
gories as follows: “When the skin is so modified that it balloons 
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out into a pair of such sacs one on each side of the throat, the sacs 
are said to be ‘external/ But if the skin of the throat is not tliinncd, 
the whole throat inerelv^ assuming a swollen appearance when the 
frog calls, the sacs are said to be ‘internar.” 

Skin “modification’' includes (1) the presence of discrete, in¬ 
verted or everted dennal lobes to receive the underlying muscle 
when the sac is inflated, (2) extensive irregular pleating or folding 
of the skin over the entire submandibular region, or (3) the pres¬ 
ence of single transverse pre- or post-axillary folds. It is evident 
that the present terminolog)^ results in the allocation of totally dis¬ 
similar structures to the same category, thus masking the existence 
of morphological variation. Accordingly, wherever possible, I have 
substituted names that indicate the position of the major portion 
of the \ ocal sac in relation to the mandibles or anterior segment of 
the sternum. 


Comparative Morphology 
Phvllomedusinae 

Agahjehnis, Fachijmedusa, and Plujllomedusa have similar super¬ 
ficial mandibular musculature. The submentalis is small, araphic 
and completel}' visible from the x^entral aspect, there being no 
muscular attachments of the intermandibularis on it. The inter- 
mandibularis is differentiated to produce supplementar}^ postero¬ 
lateral elements (Fig. 4c). Each posterolateral element arises from 
the ventral surface of the mandible and is attached bv a broad 
ligament to one of two adductor muscles of the jaw. (Starrett, 1968, 
reported variation in the nature of the adductor musculature of 
PhijUomedusa.) In species in which the M. adductor mandibulae 
posterior subexternus is present, the ligament attaches to it; the site 
of attachment is covered by the M. a.m. externus superficialis. In 
those speeies lacking the fonner muscle, the ligament attaches di¬ 
rectly to the latter. The posterolateral element of the intermandibu¬ 
laris passes anteromediall}' from its site of origin and attaches to 
the principal muscle lateral to a broad, median aponeurosis. The 
aponeurotic portion of the intennandibularis adheres dorsall}’ to 
the geniohyoideus. 

The interhyoideus is well developed, lacks folds and pleats, 
and shows no evidence towards bilobular development in an\ of the 
species examined. A v^ocal sac is present in all species except PhijI- 
lomedusa edentida. The sac lies above the interhyoideus, extending 
anterolaterallv dorsal to the intermandibularis. The vocal sac aper¬ 
tures are customarily short slits, equivalent in length to approxi' 
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Fic. 8. Intermandibular miisciilatiire of HcmipJuacius. Median and postero¬ 
lateral aponeuroses represented by stippled patterns. 


inately one-tenth the length of the inanclil)le; theN^ are located dorsal 
to the site of origin of the posterolateral elements of the intennan- 
dibularis. 

There is no direct mvointcgiimental contact. The postmandibii- 
lar septum is of moderate length and attached to the posterior 
end of the interhyoidcus. 


Hemiphractinae 

The submentalis of llemiphractiis is extremely small and araphic 
(Fig. 8). The intermandibiilaris is not differentiated and is poorly 
developed. It is characterized b\^ incomplete anterior development, 
wdiich results in a broad gap between the submentalis and inter- 
mandibulans. The intermandibiilaris bears a vast, median apo¬ 
neurosis through which the genioln oideii are clearly visible. The 
muscle fibers are exeeptionally thin. 

The interh) oideus, like the intermandil)ularis, is poorly devel¬ 
oped. It is separated from the intermandibiilaris b\' an aponeurosis. 
The median portion of the muscle is aponeurotic. 

The single species examined lacks a vocal sac. There is no direct 
mvointegumental contact. The post-mandibular septum is short and 
attached to the posterior end of the interln oideiis. 
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Aiiipliigiiathodoiitinac 

Tlie oiilv specimen of tlie rare, moiiotN pic genus AmphU^nathodon 
available for stiicl)^ is a female. The submentalis is of moderate 
size, eompleteb' visible, and bears a median raphe. The interman- 
dibularis is not differentiated, and bears an aponeurosis in tli(‘ form 
of an elongated diamond. The interhvoideiis is of moderate size' 
and is aponeurotic anteromediallv. 

There is no direct mvointegiimental contact. The postmandibiilar 
septum is short and attaehed to the posterior end of the interhv¬ 
oideiis. 

The submentalis of Anotheca is of moderate size and araphic. 
The inteiTuandibularis is not differentiated; there is anteromedial 
attaehment of the fibers upon the posterior margin of the submen¬ 
talis. The anterior half of tlie fibers of the remainder of the muscle 
meet at a median raphe; the posterior half of the muscle bears a 
Inroad median aponeurosis. This aponeurosis extends posteriorlv^ 
into the interhvoideiis. Anotheca spinosa lacks a vocal sac, and 
there is no direct mxointegumental contact. The postmandibiilar 
septum is moderate and attached to the posterior end of the inter- 
Iwoideus. 

The submentalis of Cryptohatrachus is of moderate size and 
araphic. The intermandibularis is not differentiated and lacks an 
aponeurosis. The most anterior fibers of the intermandibularis at¬ 
tach anteromediallv upon the posterior margin of the submentalis. 
Tlie interhv'oideus is not devxdoped anteriorly or posteriorb. There 
is no v'oeal sac and no direct myointegumental contact. The post- 
mandibular septum is deep and attached to the posterior end of 
the interhvoideus. 

Among hylid genera, Flectonotus is uniquely cliaracterized b\ 
the broad overlap of the anterior part of the intermandibularis on 
the moderate sized, araphic submentalis. The intermandibularis is 
not differentiated; the anterior half of the muscle bears a median 
raphe and the posterior half bears a small median aponeurosis. The 
interhv oideus is not devxdoped anteriorly or posteriorly. The vocal 
sac is large, extending anteriorly almost to the Icx el of the submen¬ 
talis. The apertures are large gaping holes slightly more than one- 
third the length of the mandible. There is no direct myointegu¬ 
mental contact. The postmandibiilar septum is short and attached 
to the posterior end of the interh\ oideus. 

The submentalis of Fritziana is .small, araphic and rather elon¬ 
gate. The intermandibularis is not differentiated; tlu' anterior-most 
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fibers attach upon the posteromedial border of the siibinentalis. 
This muscle bears a median raphe and lacks an aponeurosis. The 
interln oideus is not de\ eloped anteriorly or posteriorly. The vocal 
sac extends anteriorlv to tlie mid-level of the intennandibularis. The 
vocal sac apertures are g^^ping holes, one-third the length of the 
mandible; their posterior margins arc located at the level of the 
posterolateral limit of tlie intermandibularis. The aperture is bor¬ 
dered posteromediall)^ b\ the anterior cornu of the hyoid and 
anteromedially b\^ the geniohyoideus laterali. There is no direct 
myointegumental attachment. The postmandibular septum is mod¬ 
erate and attached to the posterior end of the interhyoideus. 

In Gastrotheca the submentalis is small, araphic and completel) 
visible. The intermandibularis is not differentiated, and there is no 
muscular contact between the anterior fibers and the submentalis. 
Tlie intennandibularis bears a median raphe and lacks a median 
aponeurosis. The interhyoideus exhibits considerable anteromedial 
development; it bears a large, median lobe which displaces the inter- 
mandiliularis in this area. A vocal sac is present in marsupiatum and 
nicefori but absent in ceratophrijs. In the first species it extends 
midway above the intermandibularis. The vocal sac apertures are 
holes equi\ alent in length to one-fifth of the length of the mandible. 
In the specimen of marsupiatum a few medial fibers located midwa\^ 
along the interhyoideus attach directly to the underlying skin. The 
area of contact measures approximately 2 mm. X 1 The post¬ 
mandibular septum is deep and a portion of the interhyoideus ex¬ 
tends posterior to it. 

The submentalis of Nijctimantis is of moderate size, araphic 
and obscured b\’ dense, opaque, fibrous tissue. The intennandibu¬ 
laris is not differentiated; the anterior fibers attach upon the pos¬ 
terolateral margin of the submentalis. The intermandibularis bears 
an elongate, median aponeurosis which does not adhere to the 
muscles above it. The interh\ oideus is a large muscle developed 
both anteriorlv at the expense of the intermandibularis, and pos- 
teriorlv beyond the postarticular extremities of the mandibles. The 
vocal sac extends anteriorly about midway along the intermandibu¬ 
laris l)eneath the aponeurosis. The vocal sac apertures are holes 
located near tlie lateral margin of intermandibularis and interhy¬ 
oideus; their length is equivalent to one-sixth of the length of the 
mandible. There is no direct myointegumental contact. The post¬ 
mandibular septum is moderate and attached to the posterior border 
of the interln oideus. 
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II\ linae 

Acris exhibits an araphic siibincntalis of small size. The inter- 
mandibularis is differentiated and the supplementary elements are 
of the apical t\’pe. The position of the apical element is identical 
to that of Nyctittiijsies hut it is an extremeb' thin sheet and cannot 
be freel}^ separated from the principal muscle. The principal ele¬ 
ment of the intermandibiilaris lacks an aponeurosis, the interhv- 
oideus is very well developed anteriorh . The vocal sac extends 
anteromedially beneath the posterior one-third of the interinandibii- 
laris. The \'oeal sac apertures are slits equivalent in length to ap¬ 
proximately one-quarter of the length of the mandible. There is no 
direct myointegumcntal contact. The postmandil)ular septum is 
moderate and there is slight development of the interhyoidens pos¬ 
terior to it. 

The siibmentalis of AllopJirijne is elongate and araphic. The 
intermandibularis is differentiated and the supplementary elements 
are of the anterolateral t\ pe. These attach upon the ventral surface 
of the submentalis (Fig. 4b). The intermandibularis lacks a median 
aponeurosis. The only specimen available for studv is a partialh 
dissected female and no further data were obtainable. 

Aparasphenodon is characterized bv a small, araphic submentalis 
and an undifferentiated intermandibularis bearincr an elongate, 
median aponeurosis which is broadest at its posterior limit. The 
interhyoidens is not well dexeloped anteriorly or posteriori)’, but is 
folded and pleated ventrally, particularly near the mandible. The 
vocal sac is a paired submandibular structure, medial adhesions 
preventing communication betwx^en the two portions. Anterolater- 
ally the saes extend as far as the middle of the intennandibularis. 
The vocal sac apertures are elongate holes situated on the lateral 
margin of the mandible and equivalent to approximate!)^ one quarter 
of its length. There is no direct m\ ointegumental attachment. The 
postinandibular septum is short and attached to the posterior end 
of the interhyoidens. 

In Aplastodiscus the submentalis is small and araphic. The 
intennandibularis is not differentiated and lacks an aponeurosis. 
Anteriorl)’ the fibers of the intermandibularis attach upon the pos¬ 
teromedial l)order of the submentalis. The interh)'oideus is not well 
developed anteriorh’ or posteriorl)x The \’Ocal sac extends anteriorl)’ 
almost as far as the submentalis. \"ocal sac apertures are short slits 
located approximate!) midwav along the length of the mandible. 
Their length is less than one sixth of the length of the mandible. 
There is no direct ni) ointegumental contact. The position and 
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cUa elopinent of tlie postmandiljular septum could uot be detected 
as a result of deh\ dration. 

Argenteohijla has a small araphic submeutalis. The intermandib- 
ularis is not dilferentiated; its most anterior fibers attach upon the 
posterolatc'ral border of the submentalis. The interhyoideus is not 
w('ll developed anteriorlv or posteriorly. There is no direct myoin- 
tegumental attachment. The postmandibular septum is short, at¬ 
taching to the posterior border of the interhyoideus. A male has 
not been examined but Barrio (1966) provided a photograph of 
one with the vocal sac inflated. This depicts a biI)obular post¬ 
mandibular structure. 

The submentalis of Corijthomantis is small and araphic. The 
intermandibularis is not differentiated, lacks anv fonn of attachment 
to the submentalis, and lacks an aponeurosis. The interhyoideus 
lacks anterior and posterior development but ventrally is folded and 
pleated, particularly near the mandibles. The vocal sac is separated 
into two parts as a result of extensive median adhesions between 
the interhyoideus and the inuseles dorsal to it. The vocal sac aper¬ 
tures are situated at the anterior limit of the vocal sac. They are 
gaping holes, their length equivalent to approximately one-fifth 
of the length of the mandible. There is no direct myointegumental 
contact. The postmandibular sc‘ptum is short, attaching to the 
posterior end of the interhvoideus. 

The species of Ilyhi are here divided according to their geo¬ 
graphic distribution; 

(1) Australia and New Guinea (Aiistralo-Papuan).—The inter¬ 
mandibularis is differentiated by the development of a supple¬ 
mentary apical element (Fig. 4a). Attachments of the anterior 
fib('rs of the principal muscle of the intennandibularis to the medial 
border of the submentalis occur in onl\ two of the 49 species ex¬ 
amined; nasuta and nigrofrenata. In no species is there a broad 
lateral gap between the submentalis and intermandibularis; the 
interli)oidcTis is well developed anteriorh. 

The absence of a v^ocal sac reported in II. lesuetiri by Dumeril 
and Bibron (1841) and II. eucnemis by Liu (1935) has been con¬ 
firmed; a similar condition has been found in II. hooroolongensis 
and II. genimaculata. In all other species a vocal sac is present and 
is usualh^ siibst(Tnal and unilobular. Anteromedially the vocal sac 
does not extend bevond a position above the posterior apex of the 
apical element of the intermandibularis. 

In some individuals of II. infrafrenata, the largest member of the 
genus, th(‘ vocal sac is a submandibular, bilobular structure whereas 
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in others it is nnilol^iilar. The form of tlie structure is aj^paix'uth 
detennined b\' the position of the episternum which in this specie's 
involves a secondary sexual modification that Bonlenger (1912) 
considered unique in the Hylidae. The episternum of feniak' infra- 
frenata is cartilaginous and terminates in the customarx flattened 
disc 1\ ing dorsal to the interhx oideus. In adult males it is entireh 
ossified and consists of a broad process tapering to a sharp spike. 
The omosternum either lies ventral to the intc'rhyoideus or pro¬ 
jects into its posterior folds. In the former ease the skin surround¬ 
ing the cpiste'rnum forms a separate sheath producing a bilobular 
sac, whereas it fonns a unilobular sac in the latter. Where the 
episternum lies xentral to the interhyoideus the position of the 
tip of the spike is visible externalh^ as a sharp projection. 

\^oeal sac apertures in Australo-Papuan species are slits or gaping 
holes, their length one quarter to one half of the length of the 
mandible. There is no direct m\ ointegumental contact. The post- 
mandibular septum is of moderate length. 

(2) Nearctic, Palaearctic and Oriental species—These species differ 
from the x4ustralo-Papuan in having an intermandibularis w hich is 
not differentiated. The}' are also characterized b\’ transxerse oxer- 
lap of the anterior fibers of the intermandibularis upon the subinen- 
talis, an intermandibularis lacking an aponeurosis, anterior and pos¬ 
terior dexxdopment of the interhxoideus, and a large, unilobular, 
submandibular x^ocal sac. \k)cal sac apertures are in the form of 
slits or holes; their leiigtli x^aries from one quarter to one half of tlu' 
length of the mandi])]e. There is x'ariation in the dexelopment of 
the postmandibular septum, the presence or absence of dexelop¬ 
ment of the interhx oideus posterior to it, and in the existence of 
mx ointegumental contact. 

(3a) Neotropical species (West Indies).—The nine West Indian 
species represent at least three separate phxletic lines (fide Duell- 
man, 1970), one of xxhich is represented by the //. septentrionalis 
group comprising septentrionalis, doniinicensis and briinnea. In this 
species group the intermandibularis is differentiated bx the d('x elop- 
ment of an apical element. This apical element differs from that 
exhibited bx^ Australian Ilijla and Nyctinu/stes in that the musch' 
fibers attach to the principal muscle oxx'r an extensix e area xx hereas 
in the former representatixvs attachment occurs onlx at the median 
raphne. Attachments of the anterior fibers of the principal muscle' 
to the submentalis are anteromedial. The interhx oideus is xx’ell 
dex eloped anterior! v and posteriorlx, the' latte'i* margin being uni¬ 
lobular in brunnea and slightlv biled)ular in doniinicensis and sep~ 
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tciitrioiuiUs, The size of the voeal sae aperture is eorrelated with 
this divergeuee. In hrunnea the voeal sae extends anteromediallv 
to a position above the apex of tlie apieal element, and the apertures 
are slits one tliird as long as the mandible. In the otlier two speeies 
the voeal sac is eonfined to the interhyoideiis and the voeal sae 
apertures are small orifiees one tenth the length of the mandible. 
There is no direct myointegumental contact. The postmandibular 
septum attaches to the posterior end of the interhyoideiis. 

None of the remaining species has the intermandibularis differ¬ 
entiated and in all except piilcJirilineata this muscle bears an elon¬ 
gate, median aponeurosis. The same speeies is distinguished from 
all other West Indian species by its possession of supramandibular 
lobes to the interh\'oideus Iving upon the dorsal fasciae posterior to 
the depressor mandibulae. Hijla heilpriui is the only speeies having 
a dermal, submental gland, and marianae is unique (among West 
Indian hylids) in lacking a voeal sac. 

Ilyhi lichenata and vasta exhibit slight bilobular ventrolateral 
development of the interh\'oideus and also share with dominicensis 
and sei)teutnonaUs apertures in the fonn of small orifices, equivalent 
in length to one tenth of the length of the mandible. 

(3b) Neotropical species (Central and South America) .—These spe¬ 
cies exhibit considerable morphological variation; the present ac¬ 
count is eonfined to a description of the range of \xiriation observed 
pending an anticipated computer anahsis of species groups com¬ 
bining myological, osteological and biological data. 

In all speeies examined tlie submentalis is araphie and the in¬ 
termandibularis is not differentiated; attachments of the interman¬ 
dibularis upon the submentalis are present or absent and the inter¬ 
mandibularis exliibits or lacks a median aponeurosis. 

There is considerable diversity in tlie development of the intcr- 
hyoideus and vT)cal sac. The following speeies ha\^e submandibular, 
bilobular extensions of the interh^()ideus: brieni, catharinae, co- 
hjmha, crospedospila, depressiceps, garhei, haiji, nasica, phrijno- 
dernuc pickcli, smaragdina and suI)octdaris. Their interhvoideal 
pouches are not uniform. In haiji there is simpl)' a slightly bilobular 
bordiT to the muscle; at the other extreme (smaragdina) the separa¬ 
tion is distinctive, llyla marmorata possesses a vast, unilobular, 
posterior interlix oideal lobe extending far beyond the postartieular 
portions of the mandibles. Although there is no myological evidence 
for the existence of a bilobular structure when the vocal sac is in¬ 
flated, tlie skin covering the forearm to the elbow is ^rcath dis- 
tended away from the muscle. Additionally the position of the pec- 
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toral h nipliatic septum is modific^d in a \va\' tliat permits tlie inflated 
sac to intrude into tliese subliumeral spaces. 

Hijla alhoguttata and punctata are the onl\’ species in which 
there is evidence for the development of the interlivoideus dorsalh’. 
In the former species thin-walled supramandibular labes reach the 
level of the tympanum. In punctata I was unable to find a dilatable 
lobe; the most posterior fibers simply overlie the postarticular por¬ 
tion of the mandible; a few fibers attach to the skin. Ilijla pcntJieter 
and robertsorum lack v^oeal sacs. 

\^oeal sac apeiiures are situated more postcriorh^ and are shortia* 
in species havdng bilobular v^ocal sacs than in those having uni- 
lobular sacs. 

In many species the skin co^'ering the submandibular region is 
greatly convoluted, extremely thin, unpigmented and partialK" trans¬ 
parent. In rhoc1oj)e])la both the skin covering the superficial muscles 
and the muscles themselves are so thin that the deeper musculature 
and associated structures are visible externall\\ A lar^e, submental 
dennal gland occurs in colyinha; a less well developed structure is 
present in some individuals of rivtilaris but is absent in others. 

Extensive, direct m\x)integuinental contact involving tlie inter- 
hyoideus occurs in man\^ small species. 

The subinentalis of Limnaoedus is of moderate size and araphie. 
The intermandibularis is not differentiated; the most anterior fibers 
attach upon the posterolateral border of the subinentalis. The in¬ 
termandibularis lacks an aponeurosis. The interh\ oideus is \er\^ 
well de\xdoped anteriorly and posteriorly. The vocal sac is a vast 
structure extending anteriorly to a position inidw^ay above the inter¬ 
mandibularis. Tlie vocal sac apertures are holes, their length cqui\'- 
alent to one-quarter of the length of the mandible. There is no 
direct inyointegumental contact. The postmandibular septum is 
short; there is a small portion of the interln oideus posterior to the 
site of attachment. 

The subinentalis of Xyctiniystcs is of moderate size, araphie and 
completely visible from the ventral aspect. The intermandibularis 
is differentiated and the suppleinentarv elements are of the' apical 
type (Fig. 4a). The principal muscle lacks attachment to the sub- 
mentalis and bears a median raphe. It extends anteriorh to the 
subinentalis in all species. The interli} oideus is well developed 
anteriorh. 

Absence of vocal sac has been reported pre\'ioush to character¬ 
ize A'. i)a])ua (Parker, 1936) and A', avocalis (Zweifel, 1958). It is 
also absent in N. tynipanocryptis. The \x)eal sac of Xyctinnjstes 
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extends anteroniediallv to a position above tlie posterior limit of 
the apieal element of the intermandibularis, and anterolateralb' to 
a position midwav l^etween the submentalis and interhyoideus. Vo¬ 
cal sac apertures are slits, onc-quarter to one-third as long as tlie 
mandible; their posterior margins lie beneath the posterolateral 
junction of intermandibularis and interhyoideus. There is no direct 
m\ ointegumental contact. The postmandibular septum is of mod¬ 
erate length and is attached to the posterior end of the interhv- 
oideus. 

In all species of Osteocephalus the siibmentalis is of moderate 
size and araphie, and the intermandibularis is not differentiated. 
Osteocephalus buckleyi lacks any attachment between the anterior 
fillers of the intermandibularis and the siibmentalis; there is minimal 
posterolateral attaehment in the other species. All species have an 
elongate median aponeurosis on the intermandibularis; it is broadest 
in buckleyi. There is eonsiderable variation in the development of 
the interhvoideus and of the skin coveriim it, associated with the 
de\ elopment of supramandibular voeal sac structures. In buekleyi, 
lepretirl and vernieigerus there is simply a slender tubular postero¬ 
lateral extension, passing posterior to the extremitv of the mandible 
and adhering to the dorsal fasciae. In taurinus the supramandibular 
portion of the interhyoideus is mueh broader, and there is an 
exerted pouch of skin (thinner than that surrounding it) located 
lat(T*aI to it. The skin poueh of buckleyi is smaller than that of tau¬ 
rinus and is not xisiblx’ distinguishable from the skin of the sur¬ 
rounding area; lepreuri and vernieigerus lack pouches. The supra¬ 
mandibular xoeal sacs are not discrete, communication being main¬ 
tained xvithin the posterior border of the intermandibular portion 
of the interhxoideus. X'oeal sae apertures are small orifices located 
at tlie entrances to the interhx oidal extension; their length is ap- 
proximatelx^ one seventh the length of the mandible in those species 
possessing skin pouehes, and one fifteenth in those lacking them. 
No species has direct mvointegumental attachment. The postman¬ 
dibular septa are sliort and attached to the posterior end of the 
intermandibular portion of the interlix oideus. 

The superficial mandibular musculature and xocal sae structure 
of Phrynohyas xxerc described in detail by Duellman (1956); they 
are similar in most respects to those of Osteocephalus taurinus. The 
only supplementary data are that the length of the x'oeal sac aper¬ 
tures is approximatelx^ one-fifth the length of the mandible. There 
is no direct mx ointegumental attachment. The postmandibular sep- 
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tiiiii is sliort and attached to the posterior end of the intermandiliiilar 
portion of the interhy oideus. 

The snbmentalis of Phijllodytes is elongate and araphic. The 
intennandibularis is not differentiated and bears a broad inc'dian 
aponeurosis; the most anterior fibers attael^ upon the posterolateral 
liorder of tlie snbmentalis. The interlnoideus is well dexeloped 
anterior!)' and extends posteriorly slightlx bexond the mandible. 
The anterior limit of the vocal sac is on a lev el xvith a point midxx ax’ 
betxveen the snbmentalis and the interhxoideus. The x^ocal sac 
apertures are holes, their lengths equiv^alent to approximatelx' one- 
quaiter of the length of the mandible. There is no direct mx ointegu- 
mental contact. The postmandibular septum is moderate and at¬ 
tached to the posterior end of the interhx oideus. 

Plectrohyla exhibits a small, araphic snbmentalis; its posterior 
border is obscured by transv^erse fibers of the intennandibularis. 
The intennandibularis is not differentiated and lacks an aponeurosis. 
The interhyoideus is not developed anteriorlx^ in giiateuuilensis, 
xxTich lacks a \X)cal sac, and is slightly dex^eloped in ixil xvhich pos¬ 
sesses one. The v^ocal sac extends anteromediallx' to a position slightlx’ 
anterior to the border of the intennandibularis and interln oideus. 
The \T)cal sae apertures are long slits one-third the length of the 
mandible. In ixil there is extensix^e direct mx ointegninental contact 
inv^olx ing the posterior half of the interhyoideus, but no contact in 
guafeiualeusis. The postmandibular septum is extremelx' short in 
both species, attaching to the posterior end ol the interhx oideus. 

Tile submentalis of Pseiidacris is small and araphic. 7lie inter- 
mandibularis is not differentiated and lacks an aponeurosis; its an¬ 
terior fibers trax'erse the posterior margin of the submentalis. The 
interhx'oideus is verx' xxell developed anteriorly and slightlx' pos- 
teriorlx'. The x'oeal sae extends anteromediallx to a position midxx ax’ 
betxx'een the medial boundarx' of the intermandibularis and submen¬ 
talis. The vocal sac apertures are extremely long slits, their length 
being almost one-half the length of the mandible. There is no direct 
mvointegumental attachment. The postmandibular septum is mod¬ 
erate and there is slight dev'elopment of the interhx oideus posterior 
to its site of attachment. 

Pteruohyla has a small, araphic submentalis. The intermandibu- 
laris is not differentiated, lacks an aponeurosis and lacks attachment 
of fibers to the submentalis. The interhyoideus is dev eloped slightlx 
anteriorlx' and eonsiderablx' posteriorlx' forming a vast lobe extend¬ 
ing far bevond the postartieular extremitic's of the mandibles. The 
v ocal sac e.xtends anteriorlv to a position nearer to the submentalis 
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than to tlie border of the intennandibularis and interliyoideiis. The 
vocal sac apertures are elongate slits, their length equivalent to 
one-third of the length of the mandible. There is no direct m\ oin- 
tegumental contact. The postmandil)ular septum is short and there 
is slight development of the interhyoideus posterior to the site of 
attachment. 

The submentalis of Ptijchohijla is small and araphic, its posterior 
border traversed bv the most anterior fibers of the intennandibidaris. 
The intennandibularis is not differentiated and bears a median apo¬ 
neurosis which is narrow anteriorly and broad posteriorly. The 
interhyoideus is slightly developed anteriorly and posteriorly and 
bears numerous transverse folds. The vocal sac extends anteriorlv 
to a position just anterior to the border of the intennandibularis and 
interhyoideus in leonhardschnltzei, and almost reaehes the submen¬ 
talis in sphiipollex. The voeal sac apertures are narrow slits ap¬ 
proximately one quarter the length of the mandible. There is no 
direct myointegumental contact. The postmandibular septum is 
short and attached to the posterior end of the interh\ oideus. 

The superficial mandibular musculature and vocal sae structure 
of S))iiUsca were described b\^ Starrett (1960) and Duelhnan and 
Trueb (1966). The only supplementary data are that the inter¬ 
hyoideus is developed anteriorlv as well as ventrolateralh. The 
voeal sac apertures are elongate slits terminating anteriorly at the 
site of attachment of the genioln oideus lateralis; their length is 
more than one third of the length of the mandible. There is ex¬ 
tensive direct m^ointegumental contact of the interhvoideus in most 
specimens. The postmandibular septum is short and attached to the 
posterior end of the interhvoideus. 

In ventral view the mandibular musculature of Sphaenorlufuchas 
is so dominated bv the vocal sac strueture that the appearance is 
of a vocal sac with a frog attached to it. The submentalis is small 
and araphic. The intermandilnilaris is differentiated bv a perfectly 
developed but extremely small apical element (Fig. 9). Conse¬ 
quently, the orientation of the fibers of the apical element is main!)' 
transverse; thus the most anterior fibers of the intennandibularis 
overlie the submentalis, obscuring its posterior border. The inter¬ 
hyoideus is exeeptionalb well developed posteriorly, extending con¬ 
siderably be\()nd the postarticiilar extremities of the mandibles. 
The vocal sae extends anteromedially to the anterior limit of the 
interhyoideus. The voeal sae apertures are slits; their length is 
slighth less than one third of the length of the mandible. There is 
extensivT' direct myointegumental contact of the interh^’oideus. The 
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Fig. 9. Intermandiliiilaris miisciilatnre of SphacuorJujncJins. 

postniandibular septum is moderate and there is considerable de- 
\Tlopment of the interhvoideus posterior to its site of attachment. 

The siibmentalis of Trachijcephalus is of moderate size and 
araphic. The intermandibiilaris is not differentiated and lacks an 
aponeurosis. The interln oideus forms vast siipramandibnlar lobes 
comparable to those occurring in Plin/nohijas, and the vocal sacs 
are similar to those in that genus. The \'ocal sae apertures are holes; 
their length is less than one quarter of the lengtJi of the mandible. 
There is direct mvointegumental contact between the supramandib- 
ular lobes of the interhvoideus and the associated skin sae, permit¬ 
ting partial iin^ertion of the latter. The postmandibular septum is 
moderate and is attached to the posterior border of the interman- 
dibular portion of the interhvoideus. 

The siiperfieial mandibular musciilaturc‘ and vocal sac structure 
of Tripriou petasatiis were described b\ IDiiellman and Klaas 
(1964). The \^ocal sac structures are paired and submandil)ular. 
The discrete shapes of these struetures in this species and in T. s. 
si)atula are not as apparent in preser\x‘d specimens as thev are in 
Smilisca. The interhx oideus is exceptionalh’ thin—in sagittal section 
0.25 mm. compared with 0.7 mm. for the intermandibiilaris; thus 
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tlie lobes of the muscle are compressed flat when the vocal sac 
deflates. The voeal sae apertures are slits one seventh the length 
of the mandible. The position of the apertures is misrepresented 
in the illustration provided by Duellman and Klaas (1964); thev 
are situated on the mandibular and not the lingual border of the 
anterior cornua. There is limited mvointegumental contact involv- 
ing the interhyoideus. The postmandibular septum is moderate and 
attaches to the posterior border of the interim oideus. 

Differentiation of the M. intermandibiilaris in other Amirans 

Because the nature of the intermandibiilaris has not been em¬ 
ployed formerly as a taxonomic criterion, 124 species representing 
57 genera in nine anuran families other than Hylidae were exam¬ 
ined. Recorded in Table 2 are observations on 32 genera in which 
either at least two species were dissected, or where data provided 
by Trewavas (1933) supplement mine. It will be noted that in eaeh 
genus all speeies either possess supplementary elements to the inter- 
mandibularis, or else all lack them. 

Develofment of Superficial Mandibular Musculature 

The superficial mandibular muscles develop concommitantb' 
with the mandibles during metamorphie climax. Detailed informa¬ 
tion on the ontogeny and larval functions of these muscles has been 
confined hitherto to representatives of genera such as Bufo (Sedra, 
1950) and Rana (de Jongh, 1968), in which the intennandibularis 
is not differentiated. 

Tadpoles of four Australian species of Ihjlo were studied to 
establish the stage at which the intermandibiilaris differentiates, 
thereby pennitting an evaluation of the functional significance of 
differentiation. No specific differences worthy of note were ob¬ 
served and the following account based on a series of Hyhi thesau- 
rensis is considered typical of Australian species. 

Stage 41 immediately precedes the emergence of the forelimbs; 
the larval mouthparts persist and the mandibular muscles retain the 
typical larval form (Fig. 10a). At this stage the M. mandibulola- 
bialis arises from the caudal side of the Meckel’s cartilage, fans out 
broadly, and attaches to the ventral margin of the lower lip. There 
is no submentalis. The intermandibiilaris consists of a broad loop 
of fibers arising from the ventral surface of the Meckel’s cartilage, 
while the interhyoideus is a slender band of transversely directed, 
parallel fibers arising from the ventral surface of the eeratohval, 
and is broadly separated from the intennandibularis. 

The shedding of the superficial laiA^al mouthparts and the si- 
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Table 2.—Occurrence f)f Differentiation of tlie M. Intennandilnilaris in Amirans 

other than Hylicls. 

i\iiinl)ers in Parentlieses Indicate Species Examined by Tre\va\ as 
(1933) and Included in tlie Total. 


Family 

Genus 

Differentiation 

Present Absent 

(Xo. species) ( Xo. species ) 

Ascaphidae 

Lciopelma 

0 

2 

Atelopodidae 

BracJi ijcepJialus 

2(1) 

0 

Atelopodidae 

Deiidroplinjuiscus 

0 

2(1) 

Biifonidae 

Bufo 

0 

4(1) 

Centrolenidac 

Centrolenella 

0 

3 

Dcndrobatidae 

CalosteBius 

2 

0 

Dendrobatidae 

Dendrohates 

2 

0 

Dcndrobatidae 

PJujUobates 

2 

0 

Discoglossidae 

Bonibina 

0 

2(1) 

Leptodactylidae 

Crinia 

0 

8 

Leptodactylidae 

Cycloratnphiis 

0 

2 

Leptodactylidae 

Cyclorana 

6 

0 

Leptodactylidae 

Glauertia 

0 

2 

Leptodactylidae 

Ileleioporus 

0 

5 

Leptodactylidae 

Lediriodus 

0 

2 

Leptodactylidae 

Leptodactyhis 

0 

3(1) 

Leptodactylidae 

LUnnodynastes 

0 

7 

Leptodactylidae 

Mixophyes 

0 

2 

Leptodactylidae 

N cobat rachus 

0 

5 

Leptodactylidae 

Notaden 

0 

3 

Leptodactylidae 

PseudopJinjne 

0 

3 

Leptodactylidae 

Taiidactylus 

0 

2 

Leptodactylidae 

U peroleia 

0 

2 

Microhylidae 

Asteroph rys 

4 

0 

Microhylidae 

Breviceps 

3(1) 

0 

Microhylidae 

CopJiixahis 

4 

0 

Microhylidae 

OreopJi njne 

3(1) 

0 

Microhylidae 

SpJieno))hry}ie 

6 

0 

Ranidae 

BatrachyJodes 

2 

0 

Ranidae 

Platy mantis 

6 

0 

Ranidae 

Rana 

0 

12(6) 

Ranidae 

RhacopJiorus 

0 

3(2) 


nmltaneous com men cement of development of the mandibles oc¬ 
curs after the emergence of the forelimbs and the commencement 
of absorption of the tail. There is no complete correlation between 
mandibular development and the alterations to external features 
used as reference points by Gosner (1960), so that figure 10b ap¬ 
proximates to stages 42-43, 

Loss of the mandibulolabialis and the appearance of the sub- 
mentalis follow the initiation of development of the mandibles. 










mandlab. 
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Fig. K). Development of internianclilnilar imiseiilaturc of JJyla thcsaurcims: (a) Larval Staj^c 41; (h) Larval Staples 42-43; 
(c) Larval Stages 44-45; (cl) Larval Stage 46. Abbreviations: ge/i/n/., Mnscnlns geniohyoideus; lujoan^., M. hyoangiilaris; 
hi/o^lo., M. hyoglossus; iniand., principal element of M. intennanclibnlaris; imaud., apic., apieal element of xM. interman- 
dibularis; intcdiij., M. interbyoidens; niatidhd)., M. mandibnlolabialis; orhlnj., M. orbitohyoidens; .sidnneu., M. siibmentalis. 
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which elongate rapidly and rotate medialIw The development of 
the intennandibularis accompanies the elongation of the mandible. 
Additional fibers arise anteriorly and posteriorly so that there is an 
increase in the number of fibers. Rotation transfers the site of at¬ 
tachment of the fibers of the intermandibularis from the vcmtral 
to the lateral surface of the mandible. No change was observed in 
the interhvoideus. 

The final transition from tadpole to frog occurs through stages 
44 to 45 b\ which time the hal)itiis is that of a frog, but the larval 
tail is not completel\' absorbed, and persists as a small black stump. 
The mandibles have almost completed their development, and the 
extension of the intennandibularis has accompanied this develop¬ 
ment (Fig. 10c). The interhvoideus is not noticeablv changed. 
Commencement of differentiation of the intermandibularis occurs 
at this ultimate point of metamoi'plnc climax. 

In material obtained in the field, stage 46 (Fig. lOd), marking 
the completion of metamorphosis and characterized b\^ the lack of 
a tail stump, is undcrstandablx likely to be a heterogeneous gi’oup. 
It can include some individuals captured within hours of final 
absoi*ption of the tail, and others perhaps several days after it. How- 
evei\ in the present material there is evidence to suggest genuine 
variation in the time elapsing before final development of the inter¬ 
mandibularis. In at least some individuals both the completion of 
apical differentiation of the intermandibularis, and the fusion of the 
customan’ sheet of this muscle \\4th the anterior border of the in- 
tcrliNoidcus are (in terms of external morpholog)), postmeta- 
morphic. In the indi\idual illustrated in figure lOd the apical 
(dement is incomplete on one side. 

Evolutioxary axd Fuxctioxal Sigxificaxce of 
Superficial Maxdibular Musculature 

Jarvik (1983) used the presence of supplementary elements of 
the intermandibularis, at least b\ inference, to support his hypothe¬ 
sis of the origin of the Anura from an osteolepiform fish stock. lie 
also noted the resemblance of the anuran posterolateral element of 
the intermandibularis to the mammalian M. digastricus anterior. 
Jarvik cited the observations of Trewavas (1933) on differentiation 
of the anuran intennandibularis, and stressed the undoubted simi¬ 
larities in disposition between some of the supplementary elements 
of this muscle in tlic Anura and the submandibular dermal bones 
of osteolepifonn fishes. From this and other data he concluded 
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tliat tlie various lines of osteolepiforiu stock are “characterised bv 
a retrogresssiv'c dc\x4opinent of the skeletal hard tissues.” 

Jarvik’s interpretation involves the assumption that flat pinnate 
muscles are primitivx' features. In their functional analvsis of muscle 
architecture, Cans and Bock (1965) provided no support for such 
a concept. They considered that some muscle systems mav have 
undergone considerable structural change several times in the 
course of their evolution. It is also relevant to note that primitivx' 
anurans (e.g., ascaphids), do not possess elements supplementaiT to 
the intermandibularis. 

Intermandibular muscles are primarilv involved in raising the 
floor of the mouth so that, from a functional viewpoint, transverse 
orientation of muscle fibers is an efficient arrangement. The em¬ 
ployment of these same muscles in the anuran vocal sac structure 
introduces an additional function producing entirely different 
stresses at their sites of origin and insertion. Therefore it is reason¬ 
able to assume that this situation induces evolutionary change of 
the muscles. 

From comparative morphology it is evident that the interhyoi- 
deus is the major component of the muscular wall surrounding the 
vocal sac. Thus the anterior and posterior development of the 
muscle, common to representatives of manv genera, provides a 
means of increasing the lengtli of the muscle fibers and presumably 
their ability to stretch. 

In the case of the diflentiated intermandibularis, post-meta- 
morphic origin eliminates larval function; the direetion of the fibers 
of the apical element {e.g., in Australian Ihjla) indicates that it 
evolved in response to posteriorly directed stress in the adult. This 
assumption is supported by reference to the musculature of Rhino- 
denna danciui, a species in which the vocal sac also functions as a 
brood pouch and extends further posteriorly than in any other 
anuran. 

Bcddard (1903) drew attention to the presence of a triangular 
muscle at the apex of the mandibles of R. darwini. Uncertain of its 
identity, he suggested that it might represent the genioglossus. 
Trewavas (1933) identified the muscle as the intermandibularis, 
whieh in that species apparently has differentiated to the ultimate 
point of forming an entirelv separate muscle block, not an element 
K ing ventral to the principal muscle. The presence of tadpoles in 
the vocal sac would exert stress directed posteriori) . Therefore, I 
suggest that differentiation of the intermandibularis into separate 
elements is a specialization evolving within the Anura. 
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The similarity between the supplemeiitarv lateral elements and 
the mammalian cligastrieus anterior suggested by Jarvik (1963), is 
eonfined to their shape and site of origin. There is no evidence of 
homology. 

It is possible to detect at least four diverging lines in the evolu¬ 
tion of the vocal sac and associated musculature in which tlie inter- 
mandibularis is not differentiated: (1) the median submandibular 
or substernal site involving both the intemiandibularis and inter- 
hvoidcus, although the interhyoideus is the major component. This 
structure is common to most species now referred to Hi/la; (2) in- 
voK^ement solel\^ of the interhyoideus as in Triprion spatulatus; 
(3) development of a bilobular substernal structure (e.g., Smilisca); 
and (4) a bilobular supramandibular stiiicture in Fhnjnolufcis, 
TracJujcepJiahis and Osteocepliahis. 

Blair (1964) considered that paired vocal sacs represent the 
primitive condition and that single submandibular sacs are derivx'd 
because they pass through a transitoiT bilobular stage in the course 
of their ontogeny in Biifo regularis (Inger and Greenberg, 1956), 
and pairing occurs in the Pelobatidae (McAllister, 1959). Howcv^er, 
in h)4ids other than IL infrafrenata, the evolution of separate bilobu¬ 
lar structures involves change in development of various groups of 
muscle fibers; these changes are accompanied b\^ alterations to the 
sites of muscle attachment. In contrast, the submandibular site in- 
\T)lves scant modification of the basic anuran musculature. In the 
case of //. iufrafrenata, the bilobular form is clearly a consequence 
of episternal intrusion. Therefore, I am of the opinion that Inlid 
bilobular \^ocaI sacs are not primitive structures. 

It has been suggested that in the Ranidae the e\ olution of lateral 
outgrowths of the vocal sac is a consequence of the presence of the 
musculus cutaneous pectoris, which limits the extent to which the 
submandibular site can be distended (T\ler, 1970). This muscle 
does not occur in the Hvlidae, and I have been unable to find 
structural features likely to contril)ute to the evolution of supra- 
inandibular \^ocal sacs in certain genera. Detailed knowledge of the 
sites selected for calling b\' the males may indicate a situation in 
which their possession would be advantageous. 

Concei\^ably the \X‘r\’ highly specialized \’oeal sacs of Phrynohijas 
and TracJvjcephahis could ha\^e been deri\'ed from the simj^ler 
structures now found in some species of Osteocephahis. However, 
there is no e\'idence that an\' supramandibular sacs evolved from 
substernal structures; it is more likeK' that each (substernal and 
supramandibular) exolved independent!\'. 
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Phylogenetic Implications of Superficial Mandibular 
Musculature 

Genera that can be demonstrated to share a close phylogenetic 
relationship using other morphological or biological criteria, ex¬ 
hibit similar mandibular musculature, and the musculature does not 
provide a means of distinguishing such genera. Thus, superficial 
mandibular musculature is here regarded a conservative feature, 
and particular attention is devoted to those genera sharing similar 
derived states involving differentiation of the intennandibularis. 

Duellman (1968) considered that Agahjchnis, Pachymedusa and 
PhyUomediisa exhibit such a distinctive combination of character¬ 
istics that they merit recognition as a subfamily (the Phyllomedu- 
sinae). The form of posterolateral differentiation of the inteniian- 
dibularis shared by these three genera is quite unlike that of other 
hylid genera and lends support to Duellman’s proposal. Several 
authors had previously commented on the close, superficial moiqilio- 
logical resemblance of Nyctimystes to the phyllomedusines. Al¬ 
though the intennandibularis of Nyctimystes is differentiated, the 
fonn and position of the supplementan^ element is unlike that of the 
phyllomedusines, and identical to that characterizing Australian 
Hyla, This indicates that Nyctimystes is not closely related to the 
phyllomedusines; superficial similarities in features such as the shape 
of the constricted pupil are the result of convergence. It also indi¬ 
cates that Nyctimystes and Australian Hyla are derived from a 
single ancestral stock. 

The familial disposition of AUopIiryne has been the subject of 
debate, and Lynch and Freeman (1966) tentatively placed it in the 
Hylidae because they found that it differed less from the members 
of that family than from those of anv other. That the nature of the 
differentiation of the intennandibularis of Allophryne is unique in 
the Hylidae is not surprising. In the absence of a comprehensive 
survey of anuran genera the distribution of all such different fonns 
of differentiation is unknown; of those reported here the only ones 
exhibiting supplementarv anterolateral elements similar to those of 
Allophryne are the dendrobatids Colostethiis, Dendrobates, and 
PhyUohates. 

As a background to an interpretation of the morphological di¬ 
vergence in Hyla, it should be noted that the inclusion of Australo- 
Papuan species in Hyla is a consequence of a series of assumptions 
made b\^ early workers. Externally a tree-frog is a tree-frog. In 
fact, there is such marked convergence between arboreal hylids and 
ranids that two Papuan hylids were originally referred to the ranid 
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(hyperoliid) genus Hijperolius, whereas the ranid (rhacophorid ) 
Rhacophorus wirzi was originally described as a Ilijla. Daudin 
(1802) was probably the first author to refer an Australian species 
to the genus Ihjla; subsequently the action has never been ques¬ 
tioned seriously. Since then, numerous genera proposed for Aus¬ 
tralian species and based on external features have been progres¬ 
sively suppressed in favor of the all-embracing Hijla, although there 
have been no morphological comparisons of adequate numbers of 
species from different geographic regions to enable anv critical 
conclusions. 

On the basis of the data presented here I conclude that it is not 
possible to include species with differentiated and other lacking 
differentiated muscles in a single genus. Hyla as presently consti¬ 
tuted contains three distinct morphological groups; there is a com¬ 
plete correlation between these morphological groups and their geo¬ 
graphical distributions. The retention of the Australo-Papuan spe¬ 
cies in Hyla cannot be justified. Also f conclude that the divergence 
of the West Indian species of the septentrionalis group merits their 
removal from Hyla. Dr. Trueb is currently examining the cranial 
osteology of these and possibly phylogenetically related frogs; a 
joint publication is anticipated. 

Taxonomic Proposals 

I propose that the generic name Litoria Tschudi (1838) be used 
for all Australo-Papuan species currently referred to Hyla (Table 
3). Litoria is characterized b\' a differentiated musculus intennan- 
dibularis. The supplementarv element of the intermandibularis is 
completely separate from the principal body of the muscle and lies 
at the apex of the mandibles on each side op and adjacent to, the 
musculus submentalis. 

The resurrection of Litoria for the Australo-Papuan species re¬ 
sults in the restriction of Hyla to species occurring in the Nearctic, 
Palaearctic, Oriental and Neotropical regions. The intennandibu- 
laris of Hyla is not differentiated and remains a simple muscle, the 
fibers of which lie in a single plane. Such a definition excludes the 
West Indian Hyla septentrionalis group, which differ from the re¬ 
mainder of the genus, and from Litoria, in exhibiting partial differ¬ 
entiation of the intennandibularis. These same species have a der¬ 
mal sphenethmoid (Trueb, 1966). The diagnosis of Hyla formerl\ 
has been modified accordinglv to accommodate them (Coin, 1961). 
The continued retention of this group of species in Hyla is a tempo¬ 
rary measure and my definition of the condition of the intermandib¬ 
ularis in Hyla is based on this consideration. 
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Tahle 3. — Alplia])etical Synonymy of the Ilylicl Genus Litoria 


Trix’ial name, original nomenclatnral combination, 
antlior and date 

Present name 

adelaidensis {Ihjla) Gray, 1841 

adelaidensis 

(iffinis (Pelodijtes) Gray, 1842 

latopalmata 

alholahris (Ibjla) Wandolleck, 1911 

albolabris 

alpiua (Hijla ewingii) Fry, 1915 

ewingi 

ainhoinemis (Ilyla) Horst, 1883 

amboinensis 

angiana (Hyla) Boiilenger, 1915 

angiana 

angtdaris (Ilyla) Loveridge, 1945 

angiana 

arfakiana (Hyla (Litoria)) Peters & Doria, 1878 

arfakiana 

arjicnsis (Hyla) Horst, 1883 

aruensis 

atropunctata (Hyla) Van Kampen, 1923 

nigropunctata 

aiirea (Rana) Lesson, 1830 

aurea aurea 

austriasiae (Rana) Schneider, 1799 

caendea 

harringtonensis (Hyla phyllochroa) Copland, 1957 

phylloch roa 

becki (Hyla) Loveridge, 1945 

becki 

hernsteini (Hyla) Horst, 1883 

nigropunctata 

hicolor (Eticnemis) Gray, 1842 

bicolor 

binoculata (Hyla) Gray, 1841 

adelaidensis 

blandsuttoiii (Hyla) Proctor, 1924 

Paurea 

booroolongensis (Hyla) Moore, 1961 

booroolongensis 

botdengeri (Hylella) Mehely, 1897 

pygniaea 

hrongersmai (Hyla) Loxeridge, 1945 

brongersmai 

btdmeri (Hyla) Tyler, 1968 

btdmeri 

burrowsi (Hyla) Scott, 1942 

burrowsi 

caendea (Rana) White, 1790 

caertdea 

calliscelis (Hyla) Peters, 1875 

etvingi 

capitula (Hyla) Tyler, 1968 

capitula 

castanea (Hyla) Steindachner, 1867 

P aurea ranifonnis 

cldoris (Hyla) Boiilenger, 1893 

cldoris 

chloronota (Hyla) Boiilenger, 1911 

chloronota 

citropa (Dendrohyas) Tschudi, 1838 

citropa 

congenita (Hyla (Litoria)) Peters & Doria, 1878 

congenita 

contrastens (Hyla) Tyler, 1968 

contrastens 

copci (Litoria) Steindachner, 1867 

P lesueuri 

coplamli (Hyla) Tyler, 1968 

coplandi 

cyaiiea (Hyla) Daiidin, 1802 

caertdea 

cyclorhynchus (Hyla aiirea) Boiilenger, 1882 

ctjclorhtynch us 

darlingtoni (Hyla) Loveridge, 1945 

darlingtoni 

dayi (Hyla) Gunther, 1897 

dayi 

dentata (Hyla) Keferstein, 1868 

dentata 

dimolops (Hyla) Cope, 1869 

cyclorhyncli us 

dolichopsis (Calamita) Cope, 1867 

injrafrenata infrafrenata 

dorsalis (Litoria) Mackay, 1878 

dorsalis 

dorsivena (Hyla) Tyler, 1968 

dorsivena 

elegans (Fanclionia) Werner, 1893 

aurea aurea 

eticnemis (Hyla) Lonnberg, 1900 

eticnemis 

everetti (Hyla) Boiilenger, 1897 

everetti 






\'ocAL Sac Sthuctuhk in IIylid Fhocs 


353 


Table 3.— Continued 


Tri\ ial name, original noinenclatnral combination, 
author and date 

Present nafiie 

cwinf'ii (llijia) Dnmeril & l3ibron, 1841 

ewingi 

fallax (Ilyla) Boiilenger, 1898 

pygmaea 

flavomaculata (Nyctinujstcs) Forcart, 1953 

darlingtoni 

flavoviridis (Ranoidca) Girard, 1853 

lesueuri 

fordii {ilyla) Gunther, 1876 

gracilenta 

freycinetti (Litoria) Tschudi, 1838 

freycinetti 

gcnimacidata (Ilyla) Horst, 1883 

geniniaculata 

gillcni (ilyla) Spencer, 1896 

caerulca 

glaucrti (iiyla hicolor) Copland, 1957 

glaucrti 

gracilenta (ilyla) Peters, 1869 

gracilenta 

graminca (iiyla) Bonlenger, 1905 

grand nea 

granulata (Pclodryas) Peters, 1873 

gracilenta 

guttata (Litoria) Macleay, 1877 

infrafrenata infrafrenata 

inipiira (Iiyla (Litoria)) Peters & Doria, 1878 

thesaurensis 

inermis (Chirolcptes) Peters, 1867 

inermis 

infrafrenata (Hyla) Gunther, 1867 

infrafrenata infrafrenata 

ingidnalis (Iiyla) Ahl, 1935 

ewingi 

iris (iiyla) Tyler, 1962 

i ris 

irrorata (Iiyla) de Vis, 1884 

irrorata 

iuxtacwiiigii (iiyla ewingi) Copland, 1957 

ewingi 

jacksoniensis (Ranoides) Tschudi, 1838 

aurea aurea 

jcnolancnsis (Hyla) Copland, 1957 

jenolanensis 

jervisiensis (iiyla) Dumeril & Bihron, 1841 

jervisiensis 

jcudii (iiyla) Werner, 1901 

jeudei 

kampeni (Hyla) Barbour, 1908 

amhoinensis 

kinglwrni (Hyla) Loveridge, 1950 

kinghorni 

latopahnata (Litoria) Gunther, 1867 

latopahnata 

lessoni (Euscelis) Fitzinger, 1861 

lesueuri 

lesueuri (iiyla) Dumen'l & Bibron, 1841 

lesueuri 

leucova (Hyla) Tyler, 1968 

leucova 

longicrus (Hylclla) Bonlenger, 1911 

longicrus 

louisiadensis (Hyla) Tyler, 1968 

louisiadensis 

loveridgei (Hyla ewingi) Copland, 1957 

eivingi 

loveridgei (Nycfiniysfcs) Neill, 1954 

genimacxdata 

lutea (iiyla) Bonlenger, 1887 

lutea 

luteiventris (iiyla) Ogilby, 1907 

gracilenta 

niacgregori (iiyla) Ogilby, 1890 

eongenita 

macrops (Hyla) Bonlenger, 1883 

thesaurensis 

nuiculata (iiyla) Spencer, 1901 

maculata 

tnajor (iiyla aurea) Copland, 1957 

? aurea ranifornds 

niannorata (Litoria) Dumeril, 1853 

ryclorhynch us 

niehelyi (iiyla) Nieden, 1923 

pygmaea 

ineiriana (Hyla) Tyler, 1969 

meiriana 

microhelos (Hyla dorsalis) Cogger, 1966 

microhelos 

wicromeinbrana (iiyla) T\ler, 1963 

mieromembrana 
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Trivial name, original nomenclatural combination, 
author and date 

Present name 

tniJiiarins (PeJocInjas) Hamsay, 1878 
milneana {Nijctimystes) Loveridge, 1945 
mintima (Hyla) Tyler, 1962 
tnodica (Hyla) Tyler, 1968 
rnoorci (Hyla) Copland, 1957 
multiplica (Hyla) Tyler, 1964 
mystacina (Hyla (Litoria?)) Keferstein, 1867 
rnystax (Hyla) Van Kampen, 1906 
nannotis (Hyla) Andersson, 1916 
napaea (Hyla) Tyler, 1968 
nasutus (Pelodytes) Gray, 1841 
nigrofrenata (Hyla) Gunther, 1867 
nigropunctatus (Hyperolitis) Meyer, 1874 
nudidigitus (Hyla phyllochrous) Copland, 1962 
oheronensis (Hyla ewingii) Copland, 1957 
ohtusirostris (Litoria) Meyer, 1875 
orientalis (Hyla ewingii) Fletcher, 1898 
ouwcmii (Hyla) Barbour, 1908 
papua (Hyla) Van Kampen, 1909 
papuensis (Hyla) Werner, 1901 
parvidens (Hyla) Peters, 1875 
pearsoni (Hyla) Copland, 1960 
pearsoniana (Hyla) Copland, 1961 
peninsulae (Hyla) de Vis, 1884 
peronii (Dendrohyas) Tschndi, 1838 
phyllochroa (Hyla) Cuinther, 1863 
pollicaris (Hyla dolichopsis) Werner, 1898 
pratii (Hyla) Boulenger, 1911 
prora (Hyla) Menzies, 1969 
punctata (Litoria) Dnmeril, 1853 
pygniaeus (Hyperolius) Meyer, 1874 
raniformis (Chirodryas) Keferstein, 1867 
rcsplendens (Ranoidea) Girard, 1853 
rhacophorus (Hyla) Van Kampen, 1909 
rothii (Hyla) de Vis, 1884 
rubella (Hyla) Cray, 1842 
sangninolenta (Hyla) Van Kampen, 1909 

S'chuetti (Hyla) Keferstein, 1868 

semoni (Hyla) Boettger, 1894 

serrata (Hyla) Andersson, 1916 

solomonis (Hyla) Vogt, 1912 

spaldingi (Hyla) llosmer, 1964 

spengeli (Hyla) Boulenger, 1912 

spinifera (Hyla) Tyler, 1968 

ienuigranulata (Hyla dolichopsis) Boettger, 1895 

infrafrenata militaria 

thesaurensis 

angiana 

modica 

nioorei 

mnltiplica 

? frey duett i 

rnystax 

nannotis 

napaea 

nasuta 

nigrofrenata 

tiigropxniciata 

phyllochroa 

etuingi 

ohtusirostris 

ewingi 

nigropunctato 

genimaculota 

amhoinensis 

ewingi 

pearsoni 

pear sold 

nasuta 

peroni 

phyllochroa 

infrafrenata militaria 

pratti 

prora 

cyclorhynchus 
pygmaea 
aurea raniformis 

aurea aurea 

eucnemis 

rothi 

rubella 

sanguinolenta 

adelaidensis 

nasuta 

eucnemis 

thesaurensis 
wotjulumensis 
infrafrenata infrafrenata 
spinifera 

infrafrenata infrafrenata 
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Tahle 3. —Concluded 


Trivial na?iic, original nomcnclatnral combination, 
author and date 

Present najne 

thesaurcnsis (llijla) Peters, 1878 

thesaurcnsis 

thyposticta (Hyla) Cope, 1869 

cyclorhynchus 

ioniicri (Ilyla) Xieden, 1923 

latopalmata 

trinilcims (Ilyla) Aid, 1929 

infrafrenata iujrafrcnata 

ulouf^ac (Ilyla aurea) Copland, 1957 

aurea aurea 

unicolor (Ilyla (Litovia) freijcincti) Keferstein, 1867 

freycinetti 

va^ahuiida (Hyla (Litovia)) Peters & Doria, 1878 

va^ahtinda 

verreauxii (Hyla) Duineril, 1853 

verreauxi 

vevruculata (Hyla (Litoria) jrcycineti) Keferstein, 


1867 

freycinetti 

vinosa (Hyla) Lamb, 1911 

? vinosa 

icilcoxi (Litoria) Gunther, 1864 

lesueuri 

tcisseleims (Hyla) Tyler, 1968 

wisselcnsis 

tcollastoni (Hyla) Boulenger, 1914 

aiiakiana 

icatjuluineiiHs (Hyla latopalmata) Copland, 1957 

wotjnlumensis 


A CK \ OM'LEDG ^ I ENTS 

The studies reported Iiere were undertaken prineipalK at the 
South Australian Museum and completed at the University of 
Kansas Museum of Natural History. Grateful acknowledgment is 
made to the Executive of the Commonwealth Scientific and Indus¬ 
trial Research Organisation for pro\ iding a grant from the Science 
and Industi’N^ Endowment Fund enabling me to visit the University 
of Kansas. I am greatly indebted to Dr. W. E. Duellman and Dr. 
L. Tnieb for the generous hospitalitx^ extended to me, and for the 
provision of research facilities. In addition the\^ construetivel} 
criticized the manuscript and Dr. Trueb gave expert adviee and 
assistance in the preparation of illustrations. 

For the loan, exchange or donation of specimens I thank Dr. 
\\k Auffenberg (Florida State Museum), Dr. J. Eiselt (Naturhis- 
torisehe Museum, \hcnna). Dr. J. Hickman (University of Tas¬ 
mania), Dr. R. F. Inger (Field Museum of Natural Histor\ ), Dr. 
A. E. Lexiton (California Academy of Sciences), Dr. J. A. Peters 
(United States National Museum), Dr. P. E. \"anzolini (IN^parta- 
mento de Zoologia, Sao Paulo, Brazil) and Dr. E. E. Williams 
(Museum of Comparative Zoologx ). 

I would also like to express my thanks to Dr. \\". C. Inglis and 
the late Mr. F. J. Mitcliell (South Australian Museum), who dis¬ 
cussed x'arioiis aspects of the studies with me and were a source 
of encouraiicment: Dr. A. A. Martin and Mr. G. \\ atson (Univcrsitx’ 
of Melbourne), who proxided unpublished data on larx’al mor- 








356 


Univeiisityof Kansas Pubes., Mus. Nat. Hist. 


pliolog); Miss T. Maiiiiik, wlio prepared histological material; and 
M iss C. Piillc‘y for laboratory assistance. 

Summary 

Hylid frogs vary in superficial mandibular musculature and in 
vocal sac structure. In several genera the Musculus intermandibu- 
laris is differentiated by the development of supplementary elements 
lying ventral to the principal clement of the muscle; the M. inter- 
hyoideus develops in various ways in association with the vocal sac. 
Of 31 hylid genera and 57 genera representing nine other families, 
Hijki was found to be the only genus containing some species that 
possess supplementary elements and some species that lack them. 

Studies on muscle ontogeny revealed that the supplementary 
elements originate at mctamorphic climax. The process of differ¬ 
entiation is considered to have evolved within the Anura in re¬ 
sponse to stress resulting from the evolution of the vocal sac. Genera 
that can be demonstrated to be phvlogenetically closel)’ related by 
other criteria share similar superficial mandibular musculature (c.g., 
Phvllomedusinae). Such musculature is therefore considered to be 
conservative. Accordingly it is not possible to retain in a single 
genus some species with supplementary ekauents to the intennan- 
dibularis and other speeies lacking them. 

In Hyla there is a correlation between the fonu of mandibular 
musculature and the geographic distribution of the species. All 
Australian species share one morphological fonn uniejue to that 
region; the West Indies species of the Hyla septentrionalis group 
are the only other species of Hyhi with differentiated muscles. 

The resurrection of Litoria Tschudi is proposed to accommo¬ 
date all Australian species currentb^ referred to Hyla. The Ilyla sep- 
tentrionaViH group is the subject of separate stiidv . The genus Hyla 
is redefined. 

Appendix 

List of hylid }:,cticra, s])ccies otid subspecies examined 
(1) signifies tliat lan’ae as \\ ell as adults were examined 
Australian Region 

Litoria adclaidcusis, L. amboincusis, L. ongiaua, L. arfakiana, L. aurca (1), 
L. hicoloi\ L, boorooloniiensis, L. btirrotvsi, L. caeridea, L. couficnita, L. 
contrastens, L. conlaudi, L. eyclorhynchus, L. darlingtoui, L. dayi, L. dvn- 
tata, L. dorsalis, L. dorsiveiia, L. euenemis, L. everetti, L. excingi ( 1 ), L. 
^enimacxdata, L. glauerti, L. gracilenta, L. i. infrafrenata, L. iufrafrenata 
militaria, L. iris, L. latopalmata, L. Icsueuri, L. lougiriis, L. lutea, L. miero- 
bclos, L. micromembrana, L. modica, L. moorci, L. nudtipliea, L. uauuotis, 
L. nasuta, nigrofrenata, L. nigropunctata, L. ))eroni, L. plujllochroa, L. 
pygmaea, L. rothi, L. rubella, L. sauguinolenta, L. spiuifera, L. tliesaurcnsis 
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(1), L. tcissrlcnsis (1), L. waijulnwcnsis; Nyciinujstcs diecsmanar, N. day- 
mani, N. joricula, X. kubori, X. iiariiiosa, X. papiia, X. ptdchra, X. tym- 
panocryptis, X. zwcifeli. 

Xea retie Region 

Acris' crepitans, A. grylltts, 

llyki crucifer, //. fcmoralis, II. oratiosa, II. rcgilla, II. sifnirclla, II. versicolor. 
Limnaoedus oc 11 laris. 

Pseudacris nigriia, P. ornata, P. iriserrata. 

Palaearetie Region 

Ilyla a. arhorea, II. arhorea cretensis. 

Oj iental Region 

Hyla arhorea japonica, II. simplex. 

X'eotropical Region 

AgaUjehnis callidryas, A. saltator. 

AUophrytie ruihvcni. 

Amphignathodoii guutheri. 

Aiiothcca spinosa. 

Aparaspheuodou bntnoi. 

Aplastodiscus pervirdis. 

Argenteohyla siemersi. 

Corythomauiis greeningi. 

Cryptobatrachus fuhrmaiuii 
Flcctoiiotus fissilis. 

Fritziana goekli, F. ohatisi. 

Gastrotheca ceraiophrys, G.m. marsnpiatuni, G. nicefori. 

Ilemipbractus proboscideus, IF scutatus. 

Hyla albofrcnata, H. albogiiiiata, II. albomarginata, H. albopnnctata, II. 
albosignaia, 11. bifurca, II. bipuiiciata. II. boons, H. boidengeri, II. brieni, 
II. bntnnea, ll. calcaraio, II. catharinae. H. circiimdata, II. columbiana, II. 
colymba, H. crepitans, ll. crospedospila, II. cuspidata, II. decipiens, II. 

deprcssiceps, II. dominicensis, II. cbracatta, II. egleri, II. elongata, II. cu- 
phorbiacca, H. faher, II. fasciata, II. fnscomarginato, H. fuscovaria, H. 
garbei, II. gcograpliica, II. goiigJii, H. granosa, II. gramdata, II. hayi, II. 

lieilpriiii, II. lauca.stcri, II. lancifonnis, II. leucopliyllata, II. lichenata, II. 

lindneri, II. loqnax, II. marianac, II. marmorata, II. megapodia. II. micro- 
cepliala, II. micro})s, H. miliaris, If. minnta, II. tniscra, II. nana. II. nasica. 
If. pardalis, II. particeps, II. ])elluceus. H. pentheter, II. phrynoderma, 

II. pickeli, II. ))olytacnia, II. pulchella prasina, II. pulchrilincata. II. punc¬ 
tata, II. raddiana, H. reticulata, II. rivularis, II. robertsorum, II. rondoniae, 
II. rosenhergi, II. rubra, II. sanborni, II. scuicula, II. scptcntrionalis, H. 
smaragdiua, II. spegazzini, II. .subocnlaris, II. truncata, II. vasta, II. werneri, 
II. wilderi. 

Xyctimantis rugiceps. 

Ostcoccphalus buckleyi, O. Icpricuri, O. j)earsoni, O. taurinus, O. verru- 
cigerus. 

Pachymedusa dacnicolor. 

Phrynoliyas coriacca, P. mesophaca, P. venulosa. 

Phyllodytes wucliercri. 

Pliyllon\(’dusa aj)pendiculata, P. bicolor, P. burmeistcri bahiana, P.b. bur- 
nicisteri, P. burmeistcri ilicringi, P. cdentula, P. fimbriata, P. guttata, P. 
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hypoclioiuhialis, P. lc)nu}\ P. rohclci. 

PlcctroJiyJa f'tiatamoleiisis, P. ixil. 

Ptcrnohyla fodiens. 

PtycJiohyla IconhardschnUzei, P. spiuipollex. 

SmiJisca batidiui, S. phaeota, S. puma. 

Sjdiacuorhyjwhus aurantiacus, S. ctirhositis, S.o. orophdns. 

Trachycephalus jordani, T. mp,romaculatns. 

Triprion pctasatus, T.s. spatulas. 
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